Abstract International climate negotiations that aim at reducing global greenhouse gas emissions are strongly influenced by a conflict between rich and poor countries and by a lack of consensus about the urgency of emission reduction measures. We have previously in an experimental game characterised the implied challenge of avoiding dangerous climate change as the "collective-risk social dilemma". Here we introduce heterogeneous wealth and two time horizons into the collective-risk social dilemma game. We show that rich players are willing to substitute for missing contributions by the poor, provided the players collectively face intermediate climate targets that, if not reached, are potentially followed by simulated intermediate costly climate risks. However, despite some increase in the contributions of the rich against the final collective target, the final target is reached less often than the intermediate target. Our results provide experimental evidence that similar, intermediate time horizons between climate risks and climate change mitigation planning are a necessary, though not sufficient, component of successful climate negotiations.
Introduction
The target to limit the anthropogenic rise in global-mean surface temperature to 2°C compared to pre-industrial times can only be reached if by year 2050 the global greenhouse gas (GHG) emissions are reduced by more than 50% compared to year 2000 emissions (Meinshausen et al. 2009; Roeckner et al. 2010) . The existence of a collective target that needs to be reached-here, the reduction in global GHG emissions-combined with the possibility and fear of free-riding define what we have previously identified as "the collective-risk social dilemma" (Milinski et al. 2008 ; see also Raihani and Aitken 2011; Santos and Pacheco 2011) . The 15th Conference of Parties (COP15) in Copenhagen in December 2009 has shown that some of the difficulty of solving the GHG emissions reduction social dilemma lies in the interaction of rich and poor countries and their conflicting mutual expectations of each other (Anonymous 2009 ). COP15 and the months following have also shown a tendency in governments to regard climate change as a problem of the distant future that therefore does not have urgency. But some consequences of climate change, such as increased occurrence of heat waves and droughts, could happen well before 2050 (Meehl et al. 2007 ). Here, we investigate experimentally whether the collective-risk social dilemma is harder or easier to solve if we add to our experimental procedure two crucial ingredients of the global GHG emissions reduction negotiations: the interaction of rich and poor and the inclusion of intermediate climate targets and climate risks.
Rich countries have more wealth at stake than poor countries if the collective target is missed and might hence agree to invest more in order to protect their greater wealth. Conversely, investing the same amount as the rich would cost the poor a comparatively higher proportion of their operating funds and thus reduce their already lower standard of living even further. The poor players might invest less than an equal share, hoping that the rich would compensate. Thus, inequity aversion may become a driving motivation (Fehr and Schmidt 1999; Dawes et al. 2007) .
A recent review (Raihani and Aitken 2011) discussed how methods from experimental economics can provide insights into both constraints and potentials of human behaviour towards climate mitigation. Wealth heterogeneity has been studied before in threshold public goods games (Rapoport 1988; Rapoport and Suleiman 1993) . Our new contribution here is that we investigate the interaction between wealth heterogeneity and meeting intermediate climate targets. With the present experiment we try to study these essential properties of the climate game in isolation from the full complexity of the real situation. Our results can therefore serve as a 'proof of principle' to be followed by future research.
Methods
57 groups of six subjects each participated in a public goods game (see SOM for demographic information and composition of subject pool), the target of which was to collect at least €120 in donations from each group (€20 per subject, on average). Each subject received in the beginning two amounts of real money, "operating funds" that could be used to contribute toward the collective target and an "endowment", money that was at stake if the collective target was not reached until after round 10. With the operating funds we mimic the money that people can spend for their living or otherwise; the endowment is meant to be any property such as real estate that will be affected by both intermediate climate events and dangerous climate change. In each of 10 rounds each subject could choose whether to donate €0, €2, or €4 against the collective target. The decisions of all subjects (pseudonyms) in a round were shown to all subjects after each round. At the end of round 10, the game software checked whether the collective target of €120 had been reached by the group. If the collective target was reached, the subjects received the leftovers from their operating funds and their endowment in cash in such a way that their anonymity was not removed. If the collective target was not reached, the subjects received the leftovers from their operating funds-in reality they can use it for enhancing their standard of living before the final collective target has to be reached; however, with 90% probability the subjects lost their endowment (written instructions for the subjects in Supplementary online material).
We differentiated between "rich" subjects who received €40 in operating funds and €60 in endowment, and "poor" subjects who received €20 in operating funds and €30 in endowment. The game was played with three different treatments, only rich subjects, only poor subjects, or an even mix of rich and poor subjects. In the mixed treatments subjects were informed by the program who was randomly assigned to be poor or rich and about operating funds and endowment of each player (pseudonym) in the group. Three further treatments had the same definition of rich, poor, or mixed rich-poor, but in addition included the possibility of a "climate event" if the group failed to collect €60 by the end of round 5. The climate event could then occur during rounds 6 through 10, with a probability of 20% in each of these five rounds, causing the loss of 10% of both operating fund and endowment. If the group failed to reach the intermediate target of €60, the expectation value of the number of events occurring was once during the five rounds. Subjects were informed about all these consequences. Thus, the climate event would inflict a palpable though not catastrophic loss on each subject; the event and the criterion for avoiding it mimicked, respectively, intermediate climate damages such as heat waves and droughts some 20 years into the future and the necessity to reach intermediate-term GHG emissions reductions by that time, in order to prevent dangerous climate change later.
Experimental results

Without intermediate target to be reached
When no intermediate climate target was announced, groups consisting of 6 rich subjects invested on average close to or more than €12 on average per round (the average needed to reach the collective target), whereas groups of 6 poor subjects invested increasingly less. Mixed groups consisting of 3 poor and 3 rich subjects were intermediate (Fig. 1a) . All rich groups, no poor group, and 60% of the mixed groups reached the collective final target and prevented simulated dangerous climate change (third columns in SOM- Fig. 1b, a, and c,  respectively) . Subjects of these groups received their endowment plus what they had not spent from their operating funds. Although the rich invested more than the poor both when among themselves (Fig. 2b, c , Mann-Whitney u-test, z=−3.388, n 1 =8 groups, n 2 =8 groups, we treat groups as statistical units throughout, P=0.0007) and combined with poor subjects (Fig. 2a , Wilcoxon signed rank matched pairs test, z=−2.749, n=12, P=0.006), they did not invest differently in mixed groups than when among themselves (Mann-Whitney u-test, z= −0.156, n 1 =12, n 2 =8, p=0.88) nor did the poor (Mann-Whitney u-test, z=−0.773, n 1 =12, n 2 =8, P=0.44). Potentially emotion driven decision rules including spite, inequity aversion, etc. may be difficult to overcome rationally under these conditions (see SOM for a discussion).
With intermediate target to be reached
When an intermediate target had to be reached, that is, €60 had to be collected until the end of round 5 to prevent climate events in the following 5 rounds, the dynamics of investment changed completely (Fig. 1b) : all types of groups invested at a high level peaking in round 5; thereafter investments dropped and recovered in rich and mixed group in a similar way, but remained low in the poor groups. Nevertheless, 3 out of 9 poor groups met the final target, all rich groups and 2/3 of the mixed groups (column 4 in Fig. SOM-1a , b, and c), although absolute investments of the mixed groups were very close to those of the rich groups (Fig. 1b) . Now mixed groups that did not reach the final target of €120 came closer (€113, n=5) than without intermediate target (€97.2, n=4). The intermediate target was met by 60% of the poor groups, all rich groups and almost all mixed groups (column 2 in SOM- Fig. 1a, b, c) . Compared to the situation without an intermediate target the increase was significant both in poor groups (P=0.03, Fisher exact test) and in mixed groups (P=0.0006, Fisher exact test). In poor, but not in rich groups, absolute investments increased significantly until round 5, compared to the treatment without announcement of the intermediate target (Fig. 3b , e, Mann-Whitney u-test, z=−2.314, n 1 =8, n 2 =9, P=0.021). Although the poor did not invest differently alone (Fig. 2e) and together with the rich (Fig. 2d) , the rich gave more when mixed with the poor (Fig. 2d) , than when among themselves (Fig. 2f) , both until round 5 (Mann-Whitney u-test, z=−2.211, n 1 =12, n 2 =8, P=0.027) and until round 10 (Mann-Whitney u-test, z=−2.978, n 1 =12, n 2 =8, P=0.003). These results suggest that the rich compensated in mixed groups the lower investment capability of the poor, however, only when an intermediate target was announced. We find a significant regression of the investment of poor groups on the investment of rich groups in the first 5 rounds (Fig. 3b, F-test=56 .691, P=0.0001) with intermediate target announced but not without this announcement (Fig. 3a, F-test=1.183, P=0.30 ). This close negative correlation between the investments of rich and poor with intermediate target announced, suggests that the rich compensate what is missing from the poor subjects' investment.
Discussion and conclusions
Protecting the global climate is an example of the "tragedy of the commons" (Hardin 1968; Inman 2009 ). The essential problems of the global climate change "game" can be studied with the collective-risk social dilemma (Milinski et al. 2008) . Adding more realism to this The most realistic treatment-combination of rich and poor-showed that the announcement of an intermediate target led to significantly enhanced cooperation during the first 5 rounds. The rich sub-group readily used their greater economic power to make sure the intermediate target was reached, especially when the poor invested only little. Although the final target was reached on average, it was missed by a third of the mixed groups who, however, came closer to the final target than did mixed groups without intermediate target announced.
Our experiments were designed to simulate the interaction of rich and poor countries in climate negotiations-a conflict dominating many of the deliberations at COP15-and the existence of two separate time horizons in climate negotiations: intermediate GHG emissions reduction targets until year 2020 such as discussed in the Copenhagen Accord (UNFCCC 2009), and the >50% reduction target until year 2050 implied by the 2°C target and the associated imperative to avoid dangerous climate change (Schneider 2001) . Our experiments point to the crucial role played by the compatibility of timescales of planning and consequences; if one accepts our round 5 as corresponding to year 2020 and our round 10 to year 2050, we demonstrate that in principle long-term rational behaviour requiring cooperation is much harder to obtain than short-term rational cooperative behaviour. All our subjects came from Western, educated, industrialized, rich and democratic (WEIRD, see Henrich et al. 2010) societies. This should not compromise external validity for cases when the students acted as "rich", including the compensation by the rich of missing contributions by the poor in the combination of rich and poor with the announcement of an intermediate target. It is, however, possible that WEIRD subjects acting as "poor" in the experiment behaved differently than subjects actually from developing nations would have, who probably would contribute even less. It would be a challenge for a future study to repeat the experiment with European students allocated to "rich" and students from developing countries to "poor".
In reality climate responds to the concentrations of GHG, implying a delay of several decades between GHG emissions reductions and the avoidance of climate change impacts. While this delay is an important complication in the perception of and response to climate change (Sterman and Sweeney 2007; Sterman 2008) , the much greater readiness of our players to respond to climate targets and risks if they are intermediate rather than long-term underscores the importance of investigating near-term climate change. The IPCC has already responded to this importance by including in its Fifth Assessment Report a new chapter on climate change over the next 20-30 years (IPCC_WGI 2010) . Awareness of near-term climate change is likely to influence decisions, as indicated by the recognition that people who have experienced a climate event express a greater willingness to save energy (Spence et al. 2011) . Our experimental results provide evidence that a near-term connection between climate risks and climate change mitigation planning is a necessary, though not sufficient, component of successful climate negotiations.
